The serotonergic system is involved in the modulation of prepulse inhibition (PPI) Anpirtoline; 8-OH-DPAT; Flesinoxan; RU 24969 Sensorimotor gating is a form of central nervous system inhibition that "gates" or filters out excessive sensory, motor, and cognitive information to sustain mental and behavioral integration. Prepulse inhibition (PPI), an operational measure of sensorimotor gating, is the reduction in startle amplitude that results when an abrupt startling stimulus is preceded 30-500 msec by a nonstartling prepulse (Graham 1975) . Patients with several neuropsychiatric disorders, including schizophrenia (Braff et al. 1978 Bolino et al. 1994) , schizotypal personality disorder (Cadenhead et al. 1993) , and obsessive compulsive disorder (Swerdlow 1995) exhibit PPI deficits. Startle habituation, a simple form of learning, which refers to the decrement in startle responding to repeated presentations of an initially novel and intense stimulus (Thorpe 1956) , is also deficient in schizophrenia and schizotypal patients Cadenhead et al. 1993; Geyer and Braff 1982; Bolino et al. 1994) . Further investigation of the neural substrates modulating PPI may provide insight into the pathophysiology of the sensorimotor gating deficits in these syndromes.
Sensorimotor gating is a form of central nervous system inhibition that "gates" or filters out excessive sensory, motor, and cognitive information to sustain mental and behavioral integration. Prepulse inhibition (PPI), an operational measure of sensorimotor gating, is the reduction in startle amplitude that results when an abrupt startling stimulus is preceded 30-500 msec by a nonstartling prepulse (Graham 1975) . Patients with several neuropsychiatric disorders, including schizophrenia (Braff et al. 1978 Bolino et al. 1994) , schizotypal personality disorder (Cadenhead et al. 1993) , and obsessive compulsive disorder (Swerdlow 1995) exhibit PPI deficits. Startle habituation, a simple form of learning, which refers to the decrement in startle responding to repeated presentations of an initially novel and intense stimulus (Thorpe 1956) , is also deficient in schizophrenia and schizotypal patients Cadenhead et al. 1993; Geyer and Braff 1982; Bolino et al. 1994) . Further investigation of the neural substrates modulating PPI may provide insight into the pathophysiology of the sensorimotor gating deficits in these syndromes.
Serotonin 1A (5-HT 1A ) and serotonin 1B (5-HT 1B ) receptors have been suggested to contribute to the modulation of PPI. For instance, the 5-HT 1A agonist 8-OH-DPAT decreases PPI in rats (Rigdon and Weatherspoon 1992; Sipes and Geyer 1995) , but increases PPI in mice (Dulawa et al. 1997 (Dulawa et al. , 1998 . However, 8-OH-DPAT also has affinity for 5-HT 7 receptors (Tsou et al. 1994; Ying and Rusak 1997) . The 5-HT 1A/1B agonist RU24969 decreases PPI and habituation in wild-type (WT), but not 5-HT 1B knockout (1BKO) mice (Dulawa et al. 1997) , suggesting that 5-HT 1B receptors modulate both forms of startle plasticity in mice.
The recent availability of 5-HT 1A knockout (1AKO) mice (Ramboz et al. 1998; Heisler et al. 1998; Parks et al. 1998 ) and the selective 5-HT 1B agonist anpirtoline (Schlicker et al. 1992 ) permits more precise dissection of the roles of 5-HT 1A and 5-HT 1B receptors in behaviors of interest. 5-HT 1A receptors are autoreceptors and heteroreceptors for serotonergic and nonserotonergic neurons and are located on cell bodies and dendrites, where they inhibit cell firing (Hamon et al. 1990 ). 5-HT 1B receptors are autoreceptors and heteroreceptors expressed on axon terminals that inhibit neurotransmitter release (Boschert et al. 1994; Hen 1992) . The densest localization of 5-HT 1A receptors is in the hippocampus, dorsal raphe, interpeduncular nucleus, and lateral septum (Ramboz et al. 1998) . 5-HT 1B receptors are most densely localized on striatal neuron terminals in the globus pallidus and substantia nigra, and on Purkinje neuron terminals in the deep cerebellar nuclei (Boschert et al. 1994; Pazos et al. 1988 ). Many of these brain regions, such as the hippocampus (Caine et al. 1991) , septum (Koch 1996) , raphe (Sipes and Geyer 1995) , and ventral pallidum (Swerdlow et al. 1990 (Swerdlow et al. , 1992 Sipes and Geyer 1997) , are components of the neural circuitry involved in modulating PPI.
We assessed the roles of 5-HT 1A and 5-HT 1B receptors in modulating PPI and habituation using WT, 1AKO, and 1BKO mice, which are without any obvious anatomical or behavioral abnormalities (Ramboz et al. 1998; Saudou et al. 1994) . WT, 1AKO, and 1BKO mice received saline, the 5-HT 1A/1B agonist RU24969, which binds preferentially at 5-HT 1B sites (Sills et al. 1984; Doods et al. 1985) , and the 5-HT 1A agonist 8-OH-DPAT. Then, the selective 5-HT 1A agonist flesinoxan (Leishman et al. 1994; Schoeffter and Hoyer 1988) was tested in intact 129Sv mice to confirm the PPI-increasing effects of 8-OH-DPAT. Lastly, we assessed whether anpirtoline would disrupt PPI more robustly than RU24969 due to the selectivity of anpirtoline for 5-HT 1B and not 5-HT 1A receptors (Schlicker et al. 1992) . Therefore, a dose response study of anpirtoline was conducted with intact 129Sv mice, and the optimal dose for PPI disruption was then tested in WT and 1BKO mice.
MATERIALS AND METHODS

Subjects
For all experiments, WT and knockout mice were females on a pure 129Sv background (for details, see Phillips et al. 1999) received from the laboratory of Dr. Rene Hen, Columbia University, New York, NY. WT and knockout mice were the offspring of either heterozygote breeders or homozygote breeders no more than three generations removed from a heterozygote cross.
For Experiment 1, ten WT, fifteen 1BKO, and ten 1AKO mice 16-18 weeks old and weighing 15-27 g were the subjects. For Experiment 2, twenty-four female 129SvEms -ϩ Ter? /J mice (Jackson Labs, Bar Harbor, Maine) 10-12 weeks old were the subjects (14-21 g). For Experiment 3, thirty female 129SvEms
/J mice (Jackson Labs, Bar Harbor, Maine) 7-9 weeks of age were the subjects (13-20 g). For Experiment 4, ten WT and ten 1BKO female mice 16-18 weeks old were the subjects (17-25 g).
Mice were housed in groups of four with same-type mice in a vivarium with a 12 L : 12 D schedule (lights off at 0900 h). Food and water were available ad libitum. Testing occurred during the dark phase and was in accord with the "Principles of laboratory animal care" NIH guidelines and with local animal care committee approval.
Drugs 5-methoxy-3(1,2,3,6)tetrahydropyridin-4-yl-1H-indole (RU24969) was provided by Roussel UCLAF (Romainville, Cedex, France). The 8-hydroxy-2(di-n -propylamino)-tetralin (8-OH-DPAT) was obtained from Research Biochemicals (Natick, MA). Flesinoxan was provided by Solvay Pharma (Weesp, The Netherlands). The 6-chloro-2-(piperidyl-4-thio)-pyridine (anpirtoline hydrochloride) was purchased from Tocris Cookson (Ballwin, MO). All compounds were made fresh daily and dissolved in 0.9% saline as salt doses, except for flesinoxan, which was dissolved in distilled water.
Injections
Injections were given with 0.5 cc insulin syringes and 28 gauge needles. Solutions were prepared at a volume of 5 ml/kg bodyweight. RU24969 was administered intraperitoneally (i.p.); 8-OH-DPAT, anpirtoline, and flesinoxan were administered subcutaneously (s.c.). Saline or distilled water was administered i.p. or s.c., as appropriate.
Apparatus
Each startle chamber consisted of a nonrestrictive Plexiglas cylinder 5 cm in diameter, resting on a Plexiglas platform in a ventilated chamber (San Diego Instruments, San Diego, CA). A high-frequency speaker mounted 33 cm above the cylinder produced all acoustic stimuli. Mouse movements were detected and transduced by a piezoelectric accelerometer located under the cylinder, and then digitized and stored by a computer and interface assembly. Sixty-five 1-msec readings were recorded to obtain the amplitude of the ani-mals' startle response to each stimulus, beginning at startling stimulus onset. Sound levels were measured as described elsewhere (Mansbach et al. 1988 ) using the A weighting scale.
Test Session
Mice were exposed to five different types of discrete stimuli or "trials": a 40-msec broadband 120 dB burst (Pulse Alone trial); three different Prepulse ϩ Pulse trials in which either 20-msec long 3 dB, 6 dB, or 12 dB above background stimuli preceded the 120 dB pulse by 100 msec (onset to onset); and a No Stimulus trial, in which only the background noise was presented. Trials were presented in a pseudo-random order, separated by an average of 15 s (range: 7-23 s). The test session began with a 5-min acclimation period, followed by four consecutive blocks of test trials. Blocks one and four consisted of six consecutive Pulse Alone trials, while blocks two and three each contained six Pulse Alone trials, five of each kind of Prepulse ϩ Pulse trials, and five No Stimulus trials. Thus, the entire 22-min session consisted of 62 test trials.
Behavioral Testing
Experiment 1. WT, 1BKO, and 1AKO mice were tested in the startle session on three different test days in a within-subjects design, with one rest day separating each test day. Each animal received saline, 10 mg/kg RU24969, and 5 mg/kg 8-OH-DPAT in a counterbalanced order. Although both RU24969 and 8-OH-DPAT have similar effects on PPI at lower doses, the present doses affect PPI more reliably (Dulawa et al. 1997) . Animals were placed into testing chambers 30 min after injection. Experiment 2. Mice received either 0, 0.1, 1, or 10 mg/ kg flesinoxan in a between-subjects design. Animals received injections 30 min before startle testing. Experiment 3. Mice received either 0, 5, or 10 mg/kg anpirtoline in a between-subjects design, 15 min before startle testing. Experiment 4. WT and 1BKO mice received either saline or 5 mg/kg anpirtoline in a between-subjects design, 15 min before startle testing. The 5 mg/kg dose of anpirtoline was selected based on the results of Experiment 3.
Data Analyses
PPI was calculated as [100 Ϫ (prepulse-Pulse trial / Pulse Alone) ϫ 100]. Pulse Alone trials in this calculation were the averaged Pulse Alone values for blocks 2 and 3. Large PPI values indicate substantial inhibition of the startle response by the prepulse, whereas small PPI values indicate little inhibition of the startle response by the prepulse. When an ANOVA assessing PPI yielded no interaction including all factors, data were collapsed for prepulse intensity to reduce the number of post-hoc ANOVAs required for Experiment 1, and to avoid loss of power.
Two different startle reactivity measures were assessed: 1) initial startle reactivity in block 1; and 2) averaged blocks 2 and 3 startle reactivity, which is used for the calculation of PPI. Block 1 startle reactivity was analyzed to evaluate potential phenotypic differences and drug effects on startle reactivity, while avoiding the confounding effects of habituation. Averaged blocks 2 and 3 startle reactivity was assessed to evaluate potential confounds in the calculation of PPI. Startle habituation was assessed as the average startle reactivity to Pulse Alone trials across 4 blocks. In addition, bodyweights of WT, 1AKO, and 1BKO mice were compared using ANOVA.
For Experiment 1, analysis began with four separate ANOVAs for each measure (startle, PPI, habituation). Each ANOVA compared the effects of saline and one drug on WT mice and one kind of knockout mouse: (WT, 1BKO, saline, RU24969); (WT, 1BKO, saline, 8-OH-DPAT); (WT, 1AKO, saline, RU24969); and (WT, 1AKO, saline, 8-OH-DPAT). Alpha was set at p Ͻ .05. Significant interactions were examined using post-hoc ANOVAs with alpha levels adjusted for multiple comparisons using the Bonferroni procedure (Winer et al. 1991) .
For Experiments 2-4, analysis began with an ANOVA for each measure (startle, PPI). Alpha was set at p Ͻ .05. Newman Keuls post-hoc tests were used to compare means when significant interactions (Experiments 1 and 4) or main effects (Experiments 2 and 3) were found for PPI. When significant interactions were found for habituation, post-hoc ANOVAs were applied and alpha levels were adjusted using the Bonferroni procedure.
RESULTS
Experiment 1: 1AKO and 1BKO Mice
Prepulse Inhibition. 1BKO mice exhibited significantly higher PPI levels than WT mice (Figure 1a) , as revealed by a 2 ϫ 2 ANOVA assessing the effects of saline and 10 mg/kg RU24969 on WT and 1BKO mice and yielding a main effect of genotype [F(1,23) Startle Reactivity. 8-OH-DPAT treatment significantly decreased averaged blocks 2 and 3 startle reactivity in WT mice (Figure 1b) . Additionally, both salinetreated 1AKO and 1BKO mice showed trends for reduced startle reactivity compared to saline-treated WT mice. The ANOVA assessing the effects of saline and 10 mg/ kg RU24969 on WT and 1AKO mice yielded a genotype ϫ drug interaction [F(1,18) Treatment with 8-OH-DPAT and RU24969 decreased block 1 startle reactivity in WT mice, and both saline-treated 1AKO and 1BKO mice showed trends for reduced block 1 startle magnitude relative to WT mice ( Figure 2 ). All four 2 ϫ 2 ANOVAs evaluating the effects of genotype and drug on block 1 startle reactivity found significant main effects of drug, and genotype ϫ drug interactions: the ANOVA assessing the effects of saline and 8-OH-DPAT on WT and 1AKO mice [F(1,18) shown collapsed across prepulse intensity for WT (n ϭ 10), 1AKO (n ϭ 19), and 1BKO (n ϭ 15) mice treated with saline, 10 mg/kg RU24969, and 5 mg/kg 8-OH-DPAT. Values are means Ϯ SEM. An asterisk (*) indicates a significant difference from saline within the same genotype. A letter "x" reflects the main effect for RU24969 to decrease PPI across WT and 1AKO mice. A dash (-) reflects the main effect for 1BKO mice to exhibit higher PPI levels than WT mice across treatment with saline and RU24969. (b) Average startle reactivity for blocks 2 and 3 is shown.
Habituation. Habituation was not altered in any group of mice by 5 mg/kg 8-OH-DPAT (Figure 2 ). The two ANOVAs assessing the effects of saline and 5 mg/ kg 8-OH-DPAT in the different genotypes yielded no interactions of genotype or drug with block.
Treatment with 10 mg/kg RU24969 decreased habituation across WT and 1AKO mice. The 2 ϫ 2 ϫ 4 ANOVA assessing the effects of saline and 10 mg/kg RU24969 in WT and 1AKO mice revealed a significant drug ϫ block interaction [F(3,54) ϭ 8.56, p Ͻ .0001].
RU24969-treatment decreased habituation in WT, but not 1BKO mice. The ANOVA assessing the effects of saline and 10 mg/kg RU24969 in WT and 1BKO mice revealed a trend for a genotype ϫ drug ϫ block interaction [F(3,69) ϭ 2.46, p ϭ .069]. Post-hoc ANOVAs were based on this trend and the a priori hypothesis derived from previous studies of 5-HT 1B receptor influences on habituation (Dulawa et al. 1997 ). The post-hoc 2 ϫ 4 ANOVA assessing the effects of saline and RU24969 on habituation in WT mice revealed an interaction of drug ϫ block [F(3,27) ϭ 4.82, p Ͻ .01], confirming that RU24969 decreased habituation in WT mice. However, the posthoc ANOVA assessing their effects in 1BKO mice found no drug ϫ block interaction, confirming that RU24969 had no effect on habituation in 1BKO mice. Finally, a post-hoc ANOVA assessing habituation in RU24969-treated WT and 1BKO mice yielded a significant genotype ϫ block interaction [F(3,69) ϭ 5.89, p Ͻ .001] confirming that RU24969-treated WT mice exhibited reduced habituation compared to RU24969-treated 1BKO mice.
Experiment 2: Flesinoxan
Prepulse Inhibition. A 3 ϫ 4 ANOVA revealed a main effect of flesinoxan [F(3,20) ϭ 6.08, p Ͻ .005], and a drug ϫ prepulse intensity interaction [F(6,40) ϭ 5.99, p Ͻ .0005]. Newman Keuls post-hoc tests indicated that 10 mg/kg flesinoxan increased PPI relative to all other doses at the six and 12 dB prepulse intensities (Figure 3 ).
Startle Reactivity. Neither block 1 nor averaged blocks 2 and 3 startle reactivity was altered by any dose of flesinoxan.
Habituation. The effects of flesinoxan on habituation in intact 129Sv mice were assessed with a 4 ϫ 4 ANOVA. A significant interaction of drug ϫ block was Figure 2 . RU24969 decreases habituation in WTs and 1AKOs, but not 1BKOs. Startle reactivity is shown at each block for WT (n ϭ 10), 1AKO (n ϭ 10), and 1BKO (n ϭ 15) mice treated with saline, 10 mg/kg RU24969, and 5 mg/kg 8-OH-DPAT. Values are means Ϯ SEM. An asterisk (*) indicates a significant difference from saline within the same genotype. A letter "x" reflects the main effect for RU24969 to decrease habituation across WT and 1AKO mice. Symbols for block 1 values indicate differences in initial startle reactivity; symbols for block 4 values indicate differences in habituation.
found [F(9,60) ϭ 2.33, p Ͻ .03]. However, this interaction resulted from large variations in block two and three values, and not from differences in habituation across all four blocks.
Experiment 3: Anpirtoline
Prepulse Inhibition. A one-way ANOVA collapsing across prepulse intensity revealed a main effect of drug [F(2,27) ϭ 5.90, p Ͻ .01]. Newman Keuls post-hoc tests indicated that 5 and 10 mg/kg anpirtoline decreased PPI relative to saline (Figure 4) . Startle Reactivity. Neither block 1 nor averaged blocks 2 and 3 startle reactivity was altered by any dose of anpirtoline.
Habituation.
A 3 ϫ 4 ANOVA evaluated the effects of anpirtoline on habituation. A trend for a drug ϫ block interaction was found [F(6,81) ϭ 1.73, p ϭ .12], suggesting that anpirtoline reduces habituation ( Figure 5 ). Posthoc ANOVAs were based on this trend and the a priori hypothesis that the 5-HT 1B receptor influences habituation (Dulawa et al. 1997 Habituation. The 2 ϫ 2 ϫ 4 ANOVA assessing the effects of saline and 5 mg/kg anpirtoline in WT and 1BKO mice found no interactions of genotype or drug with block. Thus, neither genotype nor anpirtoline had effects on habituation.
DISCUSSION
The present results indicate that the activation of 5-HT 1A receptors increases PPI, whereas the activation of 5-HT 1B receptors decreases both PPI and habituation in mice. The 5-HT 1A agonist 8-OH-DPAT increased PPI in WT and 1BKO, but not 1AKO mice, whereas the 5-HT 1A /1B agonist RU24969 decreased both PPI and habituation in WT and 1AKO, but not 1BKO mice. Furthermore, the 5-HT 1B agonist anpirtoline decreased PPI in WT, but not 1BKO mice. Consistent with these results, the 5-HT 1A agonist flesinoxan increased PPI, whereas anpirtoline decreased both PPI and habituation in intact 129Sv mice. The opposite roles of 5-HT 1A and 5-HT 1B receptors in modulating PPI are consistent with their opposite effects on a number of other behavioral responses (Zhuang et al. 1999) .
No phenotypic difference in PPI was observed in 1AKO mice, although a small increase in PPI was found in 1BKO mice (Figure 1) . The phenotypic increase in PPI observed in 1BKO mice is consistent with earlier reports (Dulawa et al. 1997 ) and the present findings that RU24969 and anpirtoline decrease PPI in WT, but not 1BKO mice. The small phenotypic increase in PPI may result from lack of the normal activation of 5-HT 1B receptors by endogenous serotonin. 1AKO mice did not show a phenotypic decrease in PPI, which might have been expected, because 8-OH-DPAT and flesinoxan increase PPI. Hence, under non-challenged conditions, the endogenous serotonergic tone may be insufficient to modulate PPI via 5-HT 1A receptors, although sufficient to do so via 5-HT 1B receptors. Alternatively, developmental compensations specific to the 1AKO mice may obscure the effects of absence of the receptor on PPI.
In Experiment 1, a total of 5 mg/kg of 8-OH-DPAT increased PPI in WT and 1BKO, but not 1AKO mice. The reduction in startle reactivity produced by 8-OH-DPAT in WT mice is unlikely to be responsible for the increase in PPI, because 8-OH-DPAT increased PPI in 1BKO mice without significantly altering startle reactivity (Figure 1) . Furthermore, 10 mg/kg of the selective 5-HT 1A agonist flesinoxan increased PPI without altering startle reactivity (Figure 3) . The PPI-increasing effects of 8-OH-DPAT and flesinoxan in mice are intriguing because 8-OH-DPAT and other 5-HT 1A agonists decrease PPI in rats (Rigdon and Weatherspoon 1992; Sipes and Geyer 1995) . We previously observed that 8-OH-DPAT increases PPI in mice, and that this effect could be prevented by pretreatment with the 5-HT 1A antagonist WAY100,635 (Dulawa et al. 1998 ). However, 8-OH-DPAT and a number of 5-HT 1A antagonists have some affinity for the 5-HT 7 receptor (Tsou et al. 1994; Ying and Rusak 1997) . Thus, the lack of effect of 8-OH-DPAT on PPI in 1AKO mice provides evidence that the effects of 8-OH-DPAT on PPI are mediated by 5-HT 1A receptors and not 5-HT 7 receptors.
Treatment with 10 mg/kg RU24969 reduced PPI across WT and 1AKO, but not 1BKO mice. However, RU24969 appeared to decrease PPI more robustly in 1AKO mice than in WT (Figure 1 ). This apparent difference may have resulted from the PPI-increasing effect of RU24969 at 5-HT 1A receptors in WT mice. Consistent with this idea is the finding that the selective 5-HT 1B agonist anpirtoline produced a robust PPI disruption in WT, but not 1BKO mice ( Figure 6 ). Thus, the present results indicate that the activation of 5-HT 1B receptors disrupts PPI more robustly than previously suggested.
Constitutive genetic manipulations can lead to compensatory changes that may influence the behavioral phenotype. Scearce et al. (1997) reported a 15% increase in dopamine transporter binding in the dorsolateral striatum, a 20% increase in dopamine D1 receptor binding in the anterior ventrolateral striatum, a 20% decrease in serotonin transporter binding, and an increase in D1 receptor mRNA in whole striatum of 1BKO mice. Although autoradiographic analysis has not revealed changes in 5-HT 1A receptor binding in 1BKO mice (Hen, unpublished observations) , the present findings might reflect some functional desensitization of 5-HT 1A receptors in 1BKO mice. For example, 8-OH-DPAT appeared to produce a less robust increase in PPI in 1BKO mice than in WT mice (Figure 1 ), which has been observed consistently (Dulawa et al. 1997) . Although this result may represent a ceiling effect, there is also an absence of a 1A-effect (increased PPI) in 1BKO mice treated with RU24969. One might have expected to find a small increase in PPI due to the moderate affinity of RU24969 for the 5-HT 1A receptor; the 1A-effect can be observed when comparing the effect of RU24969 on PPI in WT and 1AKO mice. Some compensatory changes have also been reported in 1AKO mice. For example, 5-HT 1B receptors may be upregulated (Ramboz et al. 1998 ), although there is little evidence for a behavioral consequence of this upregulation in the present experiments.
The activation of 5-HT 1A receptors increases PPI in mice (Dulawa et al. 1997 (Dulawa et al. , 1998 , and decreases PPI in rats (Sipes and Geyer 1995; Rigdon and Weatherspoon 1992) . Inconsistencies have also been reported regarding the effects of drugs on PPI in rats versus humans. For example, the serotonin releaser 3,4-methylenedioxymethamphetamine (MDMA or "ecstasy") decreases PPI in rats (Kehne et al. 1992; Mansbach et al. 1989; Vollenweider et al. 1999 ), but increases PPI in healthy humans (Vollenweider et al. 1999 ). In addition, MDMA decreases PPI in some substrains of 129 mice (Dulawa and Geyer 1996) , but not in others (Dulawa et al. 1998 ). These conflicting results raise the question as to which rodent model will more closely resemble humans. Flesinoxan is currently being investigated as a potential antidepressant in humans (Baumann and Bertschy 1997; Grof et al. 1993) . Thus, assessment of the effects of flesinoxan on PPI in humans might soon be possible. Because 5-HT 1A receptors have a similar distribution pattern in the mouse (Ramboz et al. 1998) , the rat (Marcinkiewicz et al. 1984; Pompeiano et al. 1992) , and humans (Pazos et al. 1987; Hoyer et al. 1986 ), unique distribution patterns are an unlikely reason for the species-specific effects of 8-OH-DPAT on PPI. A more plausible explanation is a difference in the balance of preand postsynaptic receptor signaling between species. Study of these differences could greatly improve our understanding of the neural circuits modulating these behaviors, and allow the selection of the most appropriate animal model for addressing specific hypotheses.
Trends were found for initial startle reactivity to be decreased in 1AKO and 1BKO mice relative to WT, although there were no significant differences between groups (Figure 2) . We previously observed a significant decrease in block 1 startle reactivity in 1BKO male mice, and no effect on block 1 startle reactivity in 1BKO female mice, all relative to WT mice (Dulawa et al. 1997 ). 1AKO mice have been reported to have increased anxiety (Ramboz et al. 1998; Parks et al. 1998; Heisler et al. 1998) , whereas 1BKO mice have somewhat decreased anxiety (Ramboz et al. 1998; Brunner and Hen 1997) in the same behavioral tests. Yet, a trend for decreased initial startle reactivity was observed in both 1AKO and 1BKO mice compared to WT mice. This discrepancy suggests that baseline startle reactivity may not be a sensitive measure of anxiety, or alternatively, that different neural circuits mediate different aspects of anxiety.
Startle habituation phenotypes were comparable in WT, 1AKO, and 1BKO mice. However, 10 mg/kg RU24969 disrupted habituation in WT and 1AKO, but not 1BKO mice (Figure 2) , consistent with an earlier report (Dulawa et al. 1997 ) assessing WT and 1BKO mice. This finding indicates that activation of 5-HT 1B receptors decreases habituation, and that 5-HT 1A receptors are not involved in the RU24969-induced decrease in habituation. This disruption of habituation was not confounded by significant differences in block 1 startle reactivity between RU24969-treated WT, 1AKO, or 1BKO mice. A trend for anpirtoline to disrupt habituation was also observed in intact 129Sv mice ( Figure 5 ). Although anpirtoline did not alter habituation in WT mice in Experiment 4, this discrepancy was probably due to the fact that three times as many intact mice were used in Experiment 3 (30 129Sv mice) as in Experiment 4 (10 WT ), and that startle responses show considerable variability. No changes in habituation resulted from flesinoxan or 8-OH-DPAT treatment in any group of mice, as reported with rats (Geyer and Tapson 1988) . The lack of effect of 8-OH-DPAT in 1AKO mice suggests that 5-HT 7 receptors do not modulate habituation. Together, these findings indicate that 5-HT 1B but not 5-HT 1A receptors modulate habituation in mice.
Lack of the 5-HT 1A or 5-HT 1B receptor does not induce substantial changes in the expression of PPI or habituation. However, under drug-challenged conditions, 5-HT 1B receptor activation decreases PPI and habituation, and 5-HT 1A receptor activation increases PPI. Because 5-HT 1A and 5-HT 1B receptors are important for the modulation of sensorimotor gating, future experiments using tissue-specific knockout manipulations (Stark et al. 1998 ) to examine their pre-and postsynaptic contributions to these behaviors are warranted.
